Background and Aims: Total plasma homocysteine (tHcy) has been suggested as a risk factor of dementia. Our aim was to investigate potential differences in tHcy status in relation to the prescription of vitamin B 12 and dementia diagnosis. We examined whether vitamin B 12 prescriptions, a family history of dementia, or the need for home care service might be associated with tHcy values. Methods: A cross-sectional monocenter study comprising 926 consecutive subjects attending our Memory Care Unit was conducted. Results: Demented subjects being prescribed vitamin B 12 had higher serum vitamin B 12 (p = 0.025) but also higher tHcy (p ! 0.001) and serum methylmalonate (p = 0.032), and lower serum folate (p ! 0.001) than those who did not receive vitamin B 12 prescriptions. tHcy levels were significantly higher in non-demented subjects receiving home care service (p = 0.007). This group also had lower serum albumin (dementia: p ! 0.001; non-dementia: p = 0.004). There was no difference in renal function (estimated glomerular filtration rate) in demented or non-demented subjects with or without vitamin B 12 prescriptions (dementia with/without vitamin B 12 prescription: p = 0.561; non-dementia with/ 
Introduction
There has been a growing interest in the role of vitamin deficiencies in relation to dementia. Vitamin B 12 was among the first vitamins being investigated in relation to neuropsychiatric disease, and already in the mid-19th century, Addison [1] described neuropsychiatric symptoms in patients with pernicious anemia ('the mind occasionally wanders'). There are reports on improvement of mental symptoms upon vitamin B 12 supplementation [2, 3] . In addition to insufficient vitamin B 12 status, folate deficiency has also been discussed in the pathogenesis of dementia [4] [5] [6] [7] [8] . A prospective Canadian study among older persons found that low serum folate was associated with a higher risk of cerebrovascular events including vascular dementia and death because of stroke [9] .
The essential amino acid methionine, together with vitamin B 12 and folate, is centrally involved in the one-carbon metabolism. Methionine serves in its activated form, S-adenosylmethionine (SAM), as the principal one-carbon donor in the body. In the course of methyl group transfer from SAM, homocysteine (Hcy) is formed. Total plasma Hcy (tHcy) has been suggested as an independent risk factor for dementia and Alzheimer's disease [10] [11] [12] . There are a number of significant predictors of tHcy, such as serum folate [13] , serum vitamin B 12 [14] and serum creatinine [15] , but it is debated whether elevated tHcy is only a marker of or causally involved in the pathogenesis of cardiovascular disease and dementias [16] .
A family history of dementia approximately doubles the lifetime risk of developing dementia [17] . Although the exact mechanisms are unknown, genetic, nutritional and environmental factors might contribute to the associations between dementia and tHcy, as many of these factors are common risk factors for both dementia and hyperhomocysteinemia. Thus, tHcy-related variables should also be studied in relation to family history of dementia.
Home care service (HCS) is intended to care for older people with and without dementia, to help them manage their own homes and to prevent premature institutionalization. As HCS in the majority of cases includes prefabricated food service ('meals on wheels'), it is of great importance to investigate how this food service influences nutrition in general and tHcy-related micronutrients in particular. Unfortunately, little attention has been paid to the risk of quantitative and qualitative malnutrition in the elderly [18] . However, the clinical utility of tHcy and its determinants in the laboratory work-up of patients with suspected dementia, as an adjunct to traditional patient history and demographic variables [19] [20] [21] , is far from clear, and integrative studies in an out-patient based setting are required.
At the Memory Care Unit of the Department of Geriatrics, Örebro University Hospital, Sweden, a database was established in the mid-1990s to keep track of the patient records and to monitor the quality of the medical service concerning cognitive disorders. In the present study, we used this database to evaluate different patient history and demographic variables, as well as selected serum biomarkers as predictors of dementia in a consecutive series of 926 persons. The aim of the present study was to investigate potential differences in tHcy and its determinants [serum vitamin B 12 , serum folate, serum creatinine and estimated glomerular filtration rate (eGFR)] in relation to the diagnosis of dementia. We also wanted to investigate associations between tHcy and vitamin B 12 prescriptions, a family history of dementia as well as HCS requirements.
Materials and Methods

Study Population
A database for monitoring the efficacy of various diagnostic markers and patient history data for differentiating between clinical dementia and non-dementia conditions in our Memory Care Unit was established in late 1995. The database comprises 926 consecutive subjects (366 men and 560 women) referred to the Memory Care Unit at the Geriatric Department, Örebro Medical Center Hospital, Örebro, Sweden, between 1996 and 2000 for diagnostic evaluation of suspected cognitive impairment. In this monocenter cross-sectional study, three specialists in geriatric medicine with comprehensive training in cognitive medicine performed a clinical investigation of these subjects. Dementia was diagnosed according to DSM-III-R criteria [22] , which included medical history, physical examination, together with neurological, psychiatric and neuropsychological examination, and laboratory tests. At the time of patient recruitment, there was still no widespread use of multi-B vitamin supplements containing pharmacological vitamin B 12 doses (0.5 mg/tablet) through doctor's prescription in Sweden, whereas around 15% of subjects aged 6 70 years were on high-dose oral (1 mg/day) or parenteral vitamin B 12 treatment and approximately 3% were on folic acid treatment [23] .
A wide range of biochemical blood tests and patient history variables was entered into the database. In the present study, we focus on the following variables: prescription of highdose oral or intermittent parenteral vitamin B 12 preparations (yes/no), family history of dementia (yes/no) and the use of HCS (yes/no). The data on vitamin B 12 prescriptions was based on patient and caregiver history and refers only to high-dose oral (1-mg vitamin B 12 tablets) or parenteral preparations (1 mg/ml). The dosage interval of parenteral vitamin B 12 doses varied from 1 mg once a month to 1 mg every third month. High-dose oral treatment accounted for approximately 70% of vitamin B 12 prescriptions. In addition, we included the results from the Mini Mental State Examination (MMSE) tests in the analysis. Furthermore, data of serum biomarkers obtained by clinical routine testing at the time of recruitment [e.g. blood hemoglobin (B-Hb), blood mean cellular volume (B-MCV), serum albumin, plasma creatinine, serum folate, serum vitamin B 12 , plasma tHcy, serum methylmalonic acid (S-MMA)] were retrieved from the database. In this paper, we focused on tHcy and variables related to tHcy (serum folate, serum vitamin B 12 , S-MMA, plasma creatinine as well as B-Hb and B-MCV). eGFR was calculated according to the Modification of Diet in Renal Disease-4 formula (age, sex, ethnicity and plasma creatinine) [24] . Serum albumin and body mass index (BMI) were used as biomarkers of general nutritional status.
Because information about the use of folate supplementation was not recorded in the database, we used 35 nmol/l as a cutoff for serum folate to discriminate between subjects with and without folic acid supplementation. Subjects with a serum folate 1 35 nmol/l were excluded from all statistical analyses related to tHcy. This cutoff has been shown to discriminate quite well between users and non-users of folic acid supplements [25] . In the dementia group, there were 7 subjects (1.6%) with serum folate 1 35 nmol/l and in the non-dementia group, there were 3 subjects (1.8%).
Biochemical Assays
Venous blood samples were drawn with minimal venous stasis as a part of the routine dementia examination program between 8: 00 and 10: 00 a.m., and the samples were immediately delivered to the laboratory staff. The serum or plasma biomarker analyses were performed at the Department of Clinical Chemistry, Örebro Medical Center Hospital, Sweden, except for S-MMA which was analyzed by mass spectrometry at the Department of Clinical Chemistry, Central Hospital, Karlstad, Sweden. The local reference range of S-MMA is ! 0.37 mol/l (CV (coefficient of variance): 6.8%) and the tHcy reference range is ! 15 mol/l (CV: 4.1%).
A total of 686 of the examined 926 subjects fulfilled the diagnostic criteria of dementia. The remaining 240 were categorized as non-demented. The baseline characteristics of the subjects are shown in table 1 . The subjects in the dementia group were marginally older than subjects in the non-dementia group. Demented subjects also more frequently had a positive family history of dementia and more often received high-dose oral or intermittent parenteral vitamin B 12 prescriptions than non-demented subjects. The MMSE was significantly lower in the dementia group (p ! 0.001) than in the non-dementia group. There were no sig- nificant differences between dementia and non-dementia concerning B-Hb, B-MCV, BMI, serum albumin, eGFR, systolic or diastolic blood pressure. Table 2 shows crude bivariate analysis (Spearman rank) of the associations of the selected biochemical parameters with age. Significant associations were seen between age and tHcy (R = 0.243; p ! 0.001), age and MMA (R = 0.550; p ! 0.001), age and B-Hb (R = -0.253; p ! 0.001), age and serum albumin (R = -0.272; p ! 0.001), age and plasma creatinine (R = 0.164; p ! 0.001), age and eGFR (R = -0.225; p ! 0.001), and age and BMI (R = -0.159; p ! 0.001). Table 3 shows the vitamin B 12 -and folate-related variables (e.g. tHcy, S-MMA, B-Hb and B-MCV) in relation to presence or absence of vitamin B 12 prescription. In the dementia group, there were 7 subjects (1.8%) with serum folate 1 35 nmol/l and in the non-dementia group, there were 3 subjects (1.8%). These cases were all excluded from the statistical calcu- 728 p values according to nonparametric two-tailed Spearman correlation calculations. P-tHcy = Plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine.
lations. Both dementia and non-dementia subjects with a vitamin B 12 prescription had significantly higher tHcy levels (p = 0.001 and ! 0.001, respectively) but lower serum folate (non-dementia: p ! 0.001; dementia: p = 0.006). S-MMA was also significantly higher in subjects with vitamin B 12 prescription, both in the dementia and the non-dementia groups (p = 0.032 and 0.023, respectively). B-Hb was significantly lower in vitamin B 12 -prescribed dementia (p = 0.004) and non-dementia (p = 0.004) subjects than in subjects not prescribed vitamin B 12 . Table 4 shows the tHcy-related variables in relation to family history of dementia. Among subjects with a positive family history of dementia, mean tHcy was significantly higher in demented subjects than in non-demented subjects (p = 0.021). Non-demented subjects with a positive family history of dementia had significantly higher eGFR than non-demented subjects without a family history of dementia (p = 0.032). Table 5 depicts differences in biomarkers in non-demented and demented subjects according to HCS state. There were no significant differences in serum vitamin B 12 or in serum folate between the dementia and the non-dementia groups. The mean tHcy level was sig- nificantly higher in the non-dementia group with HCS (p = 0.007) and borderline significantly higher in the dementia group with HCS (p = 0.064). Likewise, mean S-MMA was higher in the non-demented subgroup with HCS (p = 0.021) and tended to be higher in the demented subgroup with HCS (p = 0.140). Furthermore, there was a significant difference in eGFR between demented and non-demented subjects receiving HCS. Non-demented subjects with HCS had lower eGFR than demented subjects with HCS (p = 0.034). Subjects receiving HCS had both significantly lower B-Hb (dementia: p ! 0.001; non-dementia: p = 0.037) and serum albumin (dementia: p ! 0.001; non-dementia: p = 0.004) compared with subjects without HCS. BMI was found to be significantly lower in subjects in the dementia group receiving HCS compared to demented subjects without HCS (p = 0.05). This difference was not seen in non-demented subjects with and without HCS. Table 6 shows the odds ratio of having a diagnosis of dementia in relation to the three patient history variables as calculated by multivariate logistic regression analysis. Use of HCS, a family history of dementia and prescription of vitamin B 12 preparations were positively associated with increased risk of dementia. 12 ; P-tHcy = plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine; +FH = positive family history of dementia; -FH = negative family history of dementia. 1 Difference between the +FH and -FH groups. 2 Difference between the non-dementia and dementia groups. 
Discussion
Demented subjects more often received vitamin B 12 supplementation than did the nondemented subjects. Despite high-dose oral or intermittent parenteral vitamin B 12 supplementation, demented subjects still had significantly higher tHcy values and lower B-Hb and serum albumin than non-supplemented demented subjects. At the same time, there were no significant differences in B-MCV, BMI or eGFR. 12 ; P-tHcy = plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine; +HCS = has HCS; -HCS = has not HCS. 1 Difference between the +HCS and -HCS groups. 2 Difference between the non-dementia and dementia groups.
Condition (yes/no)
OR for dementia (95% CI) p Prescription of vitamin B 12 (yes) 2.01 (1.29-3.13) 0.002 Family history of dementia (yes) 1.50 (1.02-2. 19) 0.032 HCS (yes)
1.47 (1.01-2.13) 0.044 Table 6 . O dds ratio for dementia associated with different conditions
Hcy is regarded as an independent risk marker of dementia and Alzheimer's disease [10] [11] [12] . The association between vitamin B 12 and folate deficiency and dementia has been observed even in subjects without hematological signs of vitamin B deficiency [26] . Unfortunately, tHcy concentrations in addition to vitamin B deficiency may be influenced by a large number of genetic, physiological and lifestyle factors, impaired renal function being one of the most important confounders. Proper assessment of renal function is thus crucial. In addition to plasma creatinine, we calculated eGFR, which is considered a more precise marker of renal function.
Prior to the visit to our Memory Care Unit, clinicians had recognized the need for vitamin B 12 prescriptions in a significant portion of the studied subjects. About 30% in the dementia group and about 20% in the non-dementia group were supplemented with vitamin B 12 at the time of the first visit at the Memory Care Unit. It is reasonable to assume that vitamin B 12 was originally prescribed because of low serum vitamin B 12 concentrations, but we were not able to retrieve data on how long the subjects had been prescribed vitamin B 12 before attending the Memory Care Unit. In the present material, there were no differences in serum vitamin B 12 concentrations between subjects with or without dementia. A paradox finding was that subjects with vitamin B 12 prescription actually had higher levels of both plasma tHcy and S-MMA ( table 3 ) . The reason for this is obscure, but could be related to a generally inferior health status and frailty among subjects receiving vitamin B 12 prescriptions. Those elderly receiving HCS had a poorer nutritional status and lower muscle mass. This could result in a misinterpretation of plasma creatinine values, being lower than they should be in relation to renal function. However, renal function as judged by eGFR did not differ between the groups in our material, so this is probably not an explanation for the higher plasma tHcy and S-MMA concentrations among patients receiving vitamin B 12 supplementation. Other explanations could be that the prescribed vitamin B 12 doses or dosage intervals were insufficient to meet the demands of the patients, that bioavailability of the given vitamin B 12 preparation was too low, the duration of treatment too short, that complianceespecially in the demented group -was poor, or that many subjects suffering from vitamin B 12 deficiency simultaneously had unrecognized folate deficiency before starting with vitamin B 12 supplementation. Oral vitamin B 12 administration, which in Sweden nowadays is the prevailing way of supplementation [27] , has an inherent risk of poor compliance. Compared to intermittent parenteral vitamin B 12 therapy, high-dose (1 mg/day) oral preparations have been demonstrated to be equally effective for maintenance therapy and even sufficient for the treatment of pernicious anemia [28] . The vitamin B 12 doses in some oral multivitamin prescription preparations might, however, have been too low to cover the needs of all patient groups [29] . At the time when the study material was collected, there was no widespread use of multivitamin prescription preparations in Sweden. In our material, we only registered high-dose oral or intermittent injectable preparations of vitamin B 12 , the by far prevailing treatment option. The notion that insufficient treatment (too low doses, too short duration, too large dosage intervals and poor compliance) might be responsible for the paradoxical finding of higher tHcy and S-MMA values among subjects on vitamin B 12 treatment is corroborated by the observation of relatively small differences in serum vitamin B 12 concentrations between the supplemented and non-supplemented groups in our material (dementia: p = 0.025; non-dementia: p = 0.020). These factors, in addition to a general poor nutritional and health status, could explain higher MMA and tHcy levels in subjects with vitamin B 12 prescriptions in our material.
HCS is obviously not a guaranty of maintaining adequate nutritional status of the enrolled elderly subjects ( table 5 ) . Under-and malnutrition is a neglected problem even among institutionalized geriatric patients in Sweden [30] . This is reflected in our material too, since tHcy was generally higher in subjects assigned to HCS. This difference was most pronounced among the non-demented subjects (p = 0.007), but we also observed a higher tHcy level in the dementia group receiving HCS, though it did not reach statistical significance (p = 0.064). Two Finnish studies found that the majority of elderly Finnish home care patients were undernourished according to Mini Nutritional Assessment [31, 32] . BMI and serum albumin are useful biomarkers of the general nutritional status, especially among the elderly [33, 34] . The finding that both demented and non-demented subjects with HCS had significantly lower serum albumin than the subjects without supports the notion that HCS in our material does not provide adequate nutrition. An alternative explanation could of course be 'confounding-by-indication'. Indeed, BMI was also lower among patients receiving HCS, but only in the demented group (p = 0.050). The lower BMI may primarily be related to dementia itself and, as a result of this, increased requirement of HCS, rather than being caused by poorer general nutritional status as a consequence of HCS [35] . Further, HCS was a significant predisposing factor of dementia (odds ratio, OR 1.50, range 1.02-2.19), a finding most likely representing a reversed causality phenomenon. On the other hand, 'meals on wheels' combined with microwave heating, which is often provided by HCS, may negatively affect the vitamin B content of food [36] .
HCS is in Sweden most often provided by the local community, and most of the expenditures for this service are paid by taxes. This service is intended to meet the requirements of free-living elderly and to allow them to stay self-supplied as long as possible and thereby postpone premature institutionalization. Sufficient nutrition must be one of the goals of HCS. Our findings of low serum albumin, elevated Hcy, high MMA, and low serum folate indicate that there are shortcomings in the HCS with regard to provision of an adequate nutritional status among the elderly in the studied group. Hcy has been proposed as a suitable biomarker for malnutrition [37] [38] [39] .
We hypothesized that the group with a positive family history of dementia, which could indicate involvement of inherited factors in the development of dementia, would present changes in Hcy-related biomarkers. Indeed, we found a higher tHcy concentration in demented subjects with a positive family history of dementia ( table 4 ) . A possible explanation might be malfunction in the folate metabolism due to genetic polymorphisms, e.g. carrier state of the common methylenetetrahydrofolate reductase (MTHFR) 677C 1 T polymorphism [40] . Another possibility that we have looked into previously could be mutations in folate receptor-␣ [41, 42] .
High tHcy has previously been proposed to be an independent risk factor for dementia [11, 12, 43, 44] . Our findings support a potential connection between high tHcy levels and dementia and that this association might be partly related to inherited factors and partly to environmental factors, such as poor nutrition. A positive family history of dementia increased the OR of having a dementia diagnosis by a factor of 1.5. This is a slightly lower OR compared to earlier epidemiological findings in a Swedish population-based sample, where the relative risk for subjects with a positive family history of dementia was 3.2 [17] .
Perhaps the most likely explanation of the higher levels of tHcy concentrations in subjects prescribed vitamin B 12 is that supplementation with vitamin B 12 may induce a relative intracellular folate deficiency due to increased intracellular demands of folate. Increase in tHcy after mono-supplementation with vitamin B 12 has been reported earlier [45] . Consistent with this 'folate stress' hypothesis, both dementia and non-dementia subjects with vitamin B 12 prescription also had significantly lower serum levels of folate. However, this hypothesis does not explain the elevated MMA concentrations in the same patient group.
A limitation of this study is that the database does not include information about the prescription of folic acid or the duration of and compliance with vitamin B 12 supplementation, but we know that in 1995-2000, when the present study population was recruited, the use of multi-B vitamin prescriptions containing lower vitamin B 12 doses than vitamin B 12 mono-tablets (0.5 vs. 1 mg/tablet) in Sweden was not widespread, and we used a serum folate cutoff level of 35 nmol/l as an exclusion criterion, which has been proposed to discriminate quite well between those taking folic acid supplements (including subjects taking over-thecounter multi-B vitamins) and those who do not [25] . Another restraint is that the data set was not complete with regard to medical history information and blood biomarkers in all subjects. While medical history information could be retrieved in almost all cases, information on biochemical parameters was in part incomplete.
In summary, we observed that tHcy levels were higher among subjects who were supplemented with vitamin B 12 . This finding could not be explained by poorer renal function among these subjects. Further, we identified a positive family history of dementia and the need for HCS as contributing factors to this paradoxical finding. Thus, regular monitoring of the nutritional status in elderly geriatric patients is necessary. A broader approach to improve nutrition especially among demented elderly is warranted [46] . HCS providers might need to pay greater attention to nutrition and compliance in demented and non-demented subjects. We advocate a more active use of biomarkers as an aid to earlier identify subjects being at risk of nutritional insufficiency and to improve quality of health care among freeliving as well as institutionalized elderly.
